
E~atern Region 
( 'en City,NY 

NOAA TM NWI ER-11 

NOAA Technical Memorandum NWS ER-51 
U. S. DEPARTMENT OF COMMERCE 
11111111 OCI11Ic _. AINI,blflc At 1111.-1111 
_NationatWe_~ther Service 

FREQUENCY AND- INTENSITY 

OF FREEZING RAIN/DRIZZlE 

IN OHIO. 

Marvin E. Miller 

F_ebruary 1973 L----------------------~ 



1 . .... 

NOM ltCHIIICAI. MEIClRAIIlA 
National \lUther Service, Eastern Regton Subserles 

The National Weather Service Eastern Region (ER) Subseries provides an info""'l ••11• for the docuiiOntation and quick dissl!ll1nation of results not appro,­
prhte, or not yet ready, for fo""'l puD11caUon. The serfes is used to report on work in progress, to describe technical procedures and practices, or to 
relate progress to a lhl1ted audience. These Technical IINoranda will report on investigations devoted pri .. rny to regional and local probl- of interest 
.. inly to ER personnel, and hence will not be widely distributed. 

Papers 1 to 22 are in the for110r series, ESSA Technical IINoranda, Eastern Region Technical ....,randa (ERTM); papers 23 to 37 are in the for110r series, 
ESSA Technical .....,randa, Weother Bureau Technical ....,ronda (IIBTM). Beginning with 38, the papers are now part of the series, NOM Technical .....,randa IllS. 

Papers 1 to 22 are avanoble frooo the National Weather Service Eastern Region, Scientific Services Dfvision, 585 Stewart Avenue, Garden City, N.Y. 11530. 
Beginning with 23, the papers are avanable frooo the National Technical lnforation Service, U.S. Depar-nt of Coollerce, sn1s Bldg., 5285 Port Royal 
Road, Springfield, Va. 22151. Price: $3.00 paper copy; $0.95 llltcrofn•. Order by accession nudler shown in parentheses at end of each entry. 

ESSA Tccbn1cal Newprando 

ERTM Locol Uses of Vorticity Prognoses in Weather Prediction. Carlos R. Dunn. Aprn 1965 

ERTM App11cation of the Blrotropic Vorticity Prognostic Field to the Surface Forecast Probl... snvio G. Si~licio . July 1965 

ERTM A Technique for Derfving an Object.ive Precipitation Forecast Sch- for Col.-bus, 01\lo. Robert Kuessner. Septe.ber 1965 

ERTM Stepwise Procedures for Developing Objective Aids for Forecasting the Probabntty of Precipitation. Carlos R. Dunn. Nove.ber 1965 

ERTM A C-ratfve Verification of 300 ~. Winds and Teooperatures Blsed on NMC C01111>uter Products Before and After Manual Processing. 
Stlvto G. S1~11cto. Harth 1966 

ERTM Evaluotton of OFDEV Technical Note No. 17. Richard H. DeAnge11s . Harch 1966 

ERTM Verfffcation of Problb111ty Forecasts at Hartford, Connecti.cut, for the Period 1963-1965. Robert B. Wassall. Harch 1966 

ERTH 8 Forest-Fire Pollution Episode tn West Vfrgfnta Nov..,er 8-12, 1964. Robert 0. Weedfall. Aprn 1966 

ERTM 9 The Utntzotfon of Radar fn Meso-Scale Synoptic Analysis and Forecasting. Jerry D. Hill. Harch 1966 

ERTM 10 Pre1111fnory Evoluotfon of Problbilfty of Precipitation Expert110nt. Carlos R. Dunn. Hay 1966 

ERTM ll Finol Report. A '-ratfve Verification of 300 ~. Winds and Te.peratures Based on NMC C-ter Products Before and After Hanuol Processing. 
snvio G. Si~11cio. Hay 1966 

ERTM 12 s .... ry of Scientific Services Dfvision Developooent Work tn Sub-Synoptic Scale Analysis and Prediction - Fiscal Year 1966. Fred l. Zuckerberg. 
July 1966 

ERTM 13 A Survey of the Role of Non-Adiabatic Heating and Coo11ng tn Relation to the Developooent of Hid-latitude Synoptic Syste.s. Constantine Zois. 
July 1966 

ERTM 14 The Forecasti ng of Extratropical Onshore Gales at the Vfrgtnta Capes. Glen V. Sachse. August 1966 

ERTM 15 Solar Radiation ond Clover Teaoperature. Alex J. Ktsh. SeptetOber 1966 

ERTM 16 The Effects of D ... , Reservoirs and Levees on Rfver Forecasting. Richard H. Greening. Septed>er 1966 

ERTM 17 Use of Reflectivity Heasure..nts and Reflectivity Profnes for Detenointng Severe Stonos. Robert E. Ha01nton. October 1966 

ERTM 18 Procedure for Developing a Nollograph for Use in Forecasting Phenological Events froao Growing Degree Days. John C. Purvts and Mnton Brown. 
Dec811ber 1966 

ERTM 19 Snowfall Statistics for Vtllf ... POrt, Pa. Jack H._l. January 1967 

ERTM ZO Forecasting Haturtty Date of Snap Beans fn South Carolfna. Alex J. Ktsh. Harth 1967 

ERTM 21 Hew Enghnd Coastal Fog. Richard Fay. Aprn 1967 

ERTM 22 Rainfall Problbntty at Ffve Stations Near Pickens, South Caro11na,1957-1963. John C. Purvis. April 1967 

WBTM ER 23 A Study of the Effect of Sea Surface Te.perature on the Areal Distribution of Radar Detected Precipftatfon Over the South Carolfna Coastal 
Waters. Edward Paquet. June 1967 (PB-180-612) 

IIBTM ER 24 An Ex~le of Radar as a Tool in Forecasting Tidal Flooding. Edward P. Johnson. August 1967 (PB-180-613) 

IIBTM ER 25 Average Mixing Depths and Transport Wind Speeds over Eastern United States fn 1965. Harvin E. Hnler. August 1967 (PB-180-614) 

IIBTM ER 26 The Sleet Bright Band. Donald Marier. October 1967 (PB-180-615) 

IIBTM ER 27 A Study of Areas of. Haxi- Echo Tops in the Washington, D.C . Area During the Spring and Fall Months. Harte D. Fellechner. Aprn 1968 
(PB-179-33g) 

IIBTM ER 28 Washington Hetropo11tan Area Precipitation and Teooperature Patterns. C. A. Woollum and N. L. Canfield. June 1968 (PB-179-340) 

IIBTM ER 29 C11Ntological Regime of Rainfall Associated wtth Hurricanes after landfall. Robert W. Schoner. June 1968 (PB-179-341) 

WBTM ER 30 Monthly Precipitation - Mount Probabtlfties for Selected Stations tn Virgtnta. M. H. Baney. June 1968 (PB-179-342) 

IIBTM ER 31 A Study of the Areal Distribution of Radar Detected Precfpftatfon at Charleston, S. C. S. K. Parrish and M. A. lopez. October 1968 (PB-180-48Q 

IIBTM ER 32 The Meteorological and Hydrological Aspects of the Hay 1968 New Jersey Floods. AlbertS. Kachfc and wn11a01 long. February 196g 
(Revised July lg7o) (PB-194-222) 

WBTM ER 33 A Clf .. tology of Weather that Affects Prescribed Burning Operations at Coluaobta, South Carolfna. S. E. Wasseran and J. 0. Kanupp. Dee-r 1968 
(COM-71 -00194) 

IIBTM ER 34 A Review of Use pf Radar tn Detection of Tornadoes and Han. R. E. Hunton. DeCOOiber 1969 (PB-188-315) 

IIBTM ER 35 Objectfve Forecasts of Prectpttatton Using PE Model Output. Stanley E. Wassermn. July 1970 (PB-193-378) 

WBTM ER 36 s-ry of Radar Echoes fn 1967 Near Buffalo, N.Y. Richard K. Sheffield. Septed>er 1970 (COM-71-00310) 

111111 ER 37 Objective Mesoscale Te.perature Forecasts . Joseph P. Sobel. Septed>er 1970 (COM-71-0074) 

HOM Techn1ca1 Msrando NWS 

38 Use of Prt•itive Equation Model Output to Forecast Winter Precipitation tn the Northeast Coastal Sections of the United States . Stanley E. 
Wasser.an and Harvey Rosenbl•. Dece.ber 1970 (COM-71-00138) 

NilS ER 

IllS ER 39 A Prelt•tnary Clt .. tology of Air Qua11ty fn Ohfo. Harvin E. Mfller. January 1971 (COM-71-00204) 

(Continued On Inside Rear Cover) 

) 

) 



' 

) 

J 

UNITED STATES DEPARTMENT OF COMMERCE 
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 

NATIONAL WEATHER SERVICE EASTERN REGION 
Garden City, New York 

NOAA TECHNICAL MEMORANB~ NWS ER-51 

FREQUENCY AND INTENSITY OF FREEZING 
RAIN/DRIZZLE IN OHIO 

~RnNE. MIU~ 

Mei-eorologist in Charge 
National Weather Service Office 

WiLmingtonJ Nerth Carolina 

(A~ the time this paper waa atar•ted, Mr. Miller was Meteorologist 
in Charge at ~he · Nat~onal Weather Service Office, CeZumbus, Ohio.) 

SCIENTIFIC SERVICES DIVISION 
Eastern Region Headquarters 
February 1973 



.... 

1:) 

() 



I, 

II, 

) 

BACKGROUND 

FREQUENCY AND INTENSITY OF FREEZING 
RAIN/DRIZZLE IN OHIO 

During the winter seasons of 1970 and 1~71, the author received 
several requ.ests from· cable television companies and from insurance. 

· companies regarding the frequency and intensity of ice storms in 
Ohi~. A seaFch of available. literature failed to uncover pertinent. 
inforJII!'tion 6,_ th:i.s subject, 'It ·was because of ,the. interest and · 
total'lack of infor~ation on ice storms in Ohio that this study 
was undertaken, 

DISCUSSION 

Detailed .data _related to the occurrences of freezi~g precipitation 
are available only from daily observational forms prepared at 
first-order National W~ather Service office~, The original obser­
vational forms are collected <.y the Natio_nal 'Climatic Center, but, 
carbon cop:i.es :of the forms are usually retained by each first~order 
off:j.ce, For-this study, Nationa:). Weather Service offices i,__ohio 
were .. asked to provide. the foilowing for each period of· freezing 
rain and/or drizzle* (hereafter referred to as rain/drizzle) 
during the years 195l.through 1970: the date, time f:.Ceezing rain/ 
drizzle began _and. ended, wind direction anC! speed_; type of freezing 
precipitation, 'and the· amount (melted) of freezing rain/drizzle -
which fe:!.l.duping each.period in. question, With the exception of 
Mansfield; all data summarized in this study are for the period · -• 
1951-1970, (The Mansfield information was derived_ from 1961:...1970 
data,) . : ~ 

From data provided by tl!e eight first-order· stations in Ohio, monthly. 
and seasonal tabulations were prepared on the-frequency of-day§ 
with freezill.g rain/drizzle, Arithmetic averages were calculated 
for each monthly and seasonaL tabulation, Table 1· giv·es, for 
eight Ohio locations, the average number of days with, freez-ing· 
rain/drizzle for each month October through Aprii 'and- the .winter .. 
season~ For the ent:ire winter season, the average numbe( of days 
with freezing rain/d):"izzle-ranged from 9-days_a_t Cincinnati. and 
Columbus to _15 days at Youngstown, In an. "avepl.ge" Ohio winter, .. 
Youngstow,. is the fi;rst and last Weather-Service Office to record· 
freezing rain/ drizzle,, 

While information contained in TABLE 1 is of value_,- pr6bability 
information on the occurrences of freezing-rain/d;rizzle would be 

*For this study sleet· is treated as freezing rain/drizzle, 
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more useful, Thom, (1966) .has. suggested ·the Poisson probability 
distrib~tion applies for.rare.events such as annua1 tropical 
cyclo1tes,.tornadoes, hail, and excessive precipitation frequencies, 
Since the,occurrence of freezing rain/drizzle is a rare event, the. 
author· tested ·the adequacy of the· Poisson distr:f.but.ion to fit such 
a frequency, A .subsequent·chi.-square ,test .showed. the fit -of the 

J 
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Poisson distribution to the fr\'ezing rain/drizzle data ·tebe goad; It is 
acknewiedged, hewever, that the chi~square test is ef questionable validity 
at· the·.: extremes of a Peisson distributien; · The 20-year period of data avail­
able alse makes·questionable·the values ebtained at the longer-return periods 
(i.e. >50 years). A pregrammable calculator was used to calculate the Poisson 
probability c . 

P = E e-~x/x! for x < c 
x=O 

where· m· = the,mean value 
c = value:ef the integer. 

Sufficient·integer values .were used with monthly and annual averages 
for each lecati0nto determine.probabilities te the ,99 level. Out­
put frem ti).e Poissm~ probability routine was used •to censtruct 
information centained in TABLE 2, This table, ·shewing calculated 
recurren~e·intervals, hereafter called return periods, gives the 
annual number·of-days with•freezing ra~n/drizzle fer return periods 
ef•2, 5, 10, 25, 50, and 100 years, While similar infermatien was 
obtained fer each.month (October. through·April), samples of_these 
data are nat included in this study, At·the 2-year_return level 
ti).e numj)er. ef days 'with freezi11-g rain/drizzle ra11-ged. frem. 8 days at 
Cincinnati and.Columbus te 14 days at Yeungstewn~ For the 100-year 
return peried, .the values ranged f~om 16 days at Cincinnati and 
Celumbus:te·23.daye;.at Yeungstewn, 

Some idea regarding the intensity ef.a particular ice sterm may be 
ebtained.from the.heurly ebservatiens'ef.equivalent melted,pre­
cipitation which fell during the,peried in.which freezing rain/ 
drizzl'i! was. observed, A major preblem with such sterms is that 
free:~;ing rain/drizzle cellects en all·sides ef precipitatien gages 
and will net be praperly accounted for on recerding gages, At 
syneptic ebsetvation times, the·sides ef the ,gages are.scraped 
te acceunt fer the melted equivalent ·of_precipitatien which fell 
during the .preceding 6-heur period;. If the sides of the ,gage .are 
not sc~aped clean, the melted equivalent·of .freezing rain/drizzle. 
either•will not be a~counted.for at all or will be accounted for 
in some future observational period,. In spite of the.inherent 
difficulties .associated ·with ·obtaining the equivalent melted 
precipitation a~ounts of .freezing rain/drizzle, all first-order 
seatiens in Ohio, except Cincinnati; provided such information for 
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each period of freezing rain/drizzle covered by this study. 

For the. study years, more.· than one period .6f freezing .rain/drizzle 
was observed on man<y days (e, g, , Dayton· reported· 420 periods • ·(lf · 
freezing. rain/drizzle during 1951-1970, Toledo 392;·· and Cleveland 
340), Therefore, it· was ·necessary to combine the.-. equivalent· •c · •. 

melted precipit"\tion amounts ·for .all periods of freezing rain/ · ... · 
drizzle which occurred during a.single day before·statist;ics 
from ice·.stornis·.could be summarized, .. Once this was done,·. the pre- • 
cipitation (melted) aniounts were tallied under one·of.the· following· 
categories: trace, ,01-,05, .06-,10, ,11-,20, ,21-,30," and ·greater 
than_,30 inch, TABLE 3 gives a summary of the 1951-1970 percentage 
frequencies associated wit~ the above specified ranges.of pre~ __ 
cipitation (melted), Data in this table show the daily freezing 
rain/drizz1e:precipitation·amounts-associated with Oh'l.o.ice. 
storms were.·-less .than ,06 .inch on 72,6 to. 89;6%· of the aays with 
freezing rain/drizzle in Ohio, Less than 4% of all ice st()rm .. days· 
produced freezing rain/drizzle (melted) amounts exceeding ,30 inch 
(i,e,, except for Toledo where the percentage was 4.6), 

. -·' 

In addition to.frequency and intensity of.freezing.rain/drizzle, 
there may also be some interest in win<! directions and speeds 
associated with ice storms. These statistics would allow a potential 
user of such information to estimate the additional stress which 
wind might add to.utility lines, buildings, trees, etc, TABLE 4 
gives the percentage frequencies associated with selected ranges-
of wind speeds (knots) observed during periods of freezing rain/ 
drizzle; Most ice storms occur'with wind speeds in the.6 to 14 
knot range, Wind speeds in excess of 23 knots·rarely.accompany 
freezing rain/drizzle, The percentage frequencies associated with. 
observed wind .directions during periods of freezing rain/drizzle 
are summarized in TABLE·5; the two highest frequencies •are under­
lined for each location,· High frequencies are noticeably absent. 
for winds blowing from .. the south-southeast through west-,sout;hwest 
directions, In Ohio; wind directions of north through southeast 
are most commonly associated with freezing rain/drizzle, 

SUMMARY 

A mean recurrence table of annual number of days with freezing rain/ 
drizzle for return periods of 2, 5, 10, 25, 50, and 100 years was 
devised for eight Ohio locations from output generated from a 
Poisson probability routine, For.a return period of 2 years, the· 
number of days with freezing rain/dr:i_zzle ranged from 8 days at· 
Cincinnati·and Columbus to 14 days at Youngstown, Relative 
frequencies associated with six ranges of precipitation amounts 
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(melted) collected during days with freezing ~ain/drizzle showed 
the equivalent daily precipitation amounts associated with Ohio 
ice sto~ms were less .than .06 .inch on 72.6 .to 89.6% of the days 
with freezing rain/drizzle~ . Wind direction and speeds associated 
with periods of freezing ~ain/d~izzle were also summarized. Wind 
speeds .of 6 to 14 knots were most common during periods of 
freezing .rain/drizzle . The information .. p~esented -in this study 
could be used to determine the probable stress which buildi~gs, 
utility lines or other objects would have to withstand from 
ice storms in Ohio. 

REFERENCE 

Thom, H. c. s., "Some Methods of .Climatological Analysis", Wor>Zd 
Meteor>eZegiaaZ OT'ganization TeahniaaZ Nete No. 81~ 1966, 
PP• 30-31. 

4 

) 

) 



) -5-

TABLE 2. Recurrence table of annual 
number of days with freezing rain/ 
drizzle for indicated return periods. 

TABLE 1. Average number of days with freezing 
rain/drizzle at eight Ohio locations . Return Period (Years) 

OCT NOV DEC . JAN FEB MAR APR YEAR 2 5 10 25 50 100 

Akron 0 1 4 4 3 2 * 14 13 16 18 20 21 22 

Cincinnati 0 1 3 2 2 1 * 9 8 11 12 14 15 16 

Cleveland 0 1 3 4 2 1 * 11 10 13 15 17 18 19 

Columbus 0 1 2 3 2 1 * 9 8 11 12 14 15 16 

Dayton 0 1 2 4 2 1 * 10 9 12 14 15 16 17 

Mansfield 0 1 4 2 2 2 * '11 10 13 15 16 17 18 

Toledo 0 1 3 4 3 2 * 13 13 16 18 20 21 22 

Youngstown * 1 4 4 3 2 1 15 14 17 19 21 22 23 

) * Less than one half. 

TABLE J . Percentage frequencies associated with selected 
ranges of precipitation amounts (melted) 
collected during days with freezing rain/drizzle • 

Trace . 01- . 05 • 06- . 10 .11-.20 . 21- . 30 >.30 inches 

Akron 51.4 28.8 08 . 9 04 . 6 02.7 03 . 6 

Cleveland 67 . 1 22 . 5 03 . 3 04.2 01.0 01.9 

Columbus 50.0 31.3 06 . 1 07 . 1 02 . 0 01.5 

Dayton 59.0 26 . 7 05 . 6 06.0 00 . 8 01.9 

Mansfi~ld 44 .2 28.4 11.8 09.8 02 . 9 02 . 9 

Toledo 42 . 1 35.9 08.5 05 . 8 03 . 1 04 . 6 

Youngstown 50.0 37 . 0 05 .7 04.0 02 . 8 oo .s 

) 



TABLE 4. Percentage frequenci es associated with selected 
r anges of wind speeds observed during periods of 
freezing rain/drizzle . 

<6 6-14 15-23 >23 KNOTS 

Akron 3.1 54.6 40.2 2.1 

Cleveland 4. 0 59.7 33 . 4 2.9 

Columbus 11.7 71.8 16.4 0 . 1 

Dayton 3 . 4 71.0 25.1 0.5 

Mansfield 9.7 68 . 3 2,2 . 0 o.o 

Toledo 6.8 61.7 30.4 Ll 
I 

Youngstown 7.0 67.8 23 . 6 1.6 ~ 
I 

·TABLE 5. Percentage frequencies associated with observed wind directions during periods of freezing 
rain/drizzle. 

N NNE NE ENE E ESE. SE SSE s ssw sw WSW w WNW NW NNW 

Akron 4.7 2.6 8.3 3.9 3 . 5 5.2 7. 8 3.9 6.6 3.9 6.6 4.3 8.7 8.3 10.5 .ill.a..2 

Cleveland 10.9 10.3 7. 2 4.6 4.3 7.7 7.7 6.6 5.4 2.8 2.8 5.5 6.3 5 . 7 5.8 5 . 2 

Columbus lLl 2.7 8.6 5.0 7.4 3.1 11.3 1.5 8.9 4 . 3 5.8 2.7 5.0 2.7 9.7 9.3 

Dayton 8.8 lL...4 4. 7 6 . 5 ~ 5 . 7 9.1 4.9 6.5 3 . 9 3. 1 4.1 4.4 3.9 3.9 8.3 

Mansfield 6.1 8.5 6.1 2. 4 6 . 1 7 . 3 15 . 8 2.4 6 . 1 o.o 8.5 4.8 l.L.Q. 6.1 4.8 3.6 

Toledo 6.9 5 . 8 10 . 1 ~ ..J.U 8 . 3 4 . 7 4.4 2.9 2.3 4 . 2 6 . 8 1.5 4 . 4 6.8 5.2 

Youngstown 4.3 4 . 6 3.4 3. 9 4 . 3 ~ .JJW. 6. 7 6.1 2.7 6 .7 6 . 7 8 . 0 5 . 5 5.8 6 . 7 

" 
\..___,! 
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